In this issue, Randow and coworkers (von Muhlinen et al., 2012) report that LC3C plays an essential role in Salmonella clearance by interacting with the autophagic receptor NDP52, with consequent recruitment of all other ATG8 proteins to assist in the buildup of the autophagic membrane.
Autophagy is a catabolic process that recycles long-lived proteins and organelles in the lysosome. While originally viewed as a nonselective process, recent studies have shown that autophagy participates in the selective delivery of substrates for degradation . One form of selective autophagy, termed xenophagy, serves as a defense mechanism against invading pathogens. Selective autophagy requires adaptor proteins that simultaneously bind substrates and the key autophagic factor ATG8 (Johansen and Lamark, 2011; Randow and Mü nz, 2012) . ATG8s, ubiquitin-like proteins that conjugate with phosphatidylethanolamine on the preautophagosomal membrane, are essential for autophagosome formation and for selective cargo recruitment into these organelles. Yeasts possess one ATG8 gene, whereas humans have six ATG8 genes that can be grouped into three subfamilies: GATE16, GABARAP (including GABARPAP and GABARAPl1), and LC3 (including LC3A, LC3B, and LC3C) (Shpilka et al., 2011) . Up to now, no specific role has been assigned to a particular ATG8 protein in mammals; however, von discovered that only LC3C interacts with the adaptor protein NDP52 and has a specific role in xenophagy.
Several adaptor proteins that serve as substrates and as cargo receptors for autophagic degradation have been described . The adaptor proteins p62, optineurin, and NDP52 are needed for the efficient xenophagy of the intracellular bacteria Salmonella enterica Typhimurium (S. Typhimurium) (Thurston et al., 2009; Wild et al., 2011; Zheng et al., 2009) . The adaptor proteins p62, NBR1, and optineurin were found to bind all ATG8 isoforms through their LC3-interacting region (LIR) (Johansen and Lamark, 2011; Wild et al., 2011) , which is composed of acidic residues followed by a W/YxxL/I/V sequence. Closer inspection, however, reveals selectivity in their mode of binding to p62, as LC3B recruits p62 to the autophagosome, but GATE16 does not. In the study reported in this issue, von show that NDP52 preferentially binds LC3C. They provide detailed structural information about the selectivity of this interaction and identify a noncanonical LIR motif in NDP52 (which they term CLIR) that specifically binds LC3C. Notably, cells lacking either LC3C or NDP52, or mutations that abolish LC3C/NDP52 interaction, fail to restrict S. Typhimurium proliferation. The significance of these observations is highlighted by the fact that proliferation of S. Typhimurium is restricted even after simultaneous depletion of two other members of the LC3 subfamily (LC3A and LC3B), indicating that xenophagy of S. Typhimurium requires only LC3C.
The order of events following infection by S. Typhimurium is schematically described in Figure 1 . Damage to the membrane of the phagosome that contains the pathogen results in exposure of its glycans to the cytosol. These glycans attract galectin-8, which is specifically recognized by NDP52 (Thurston et al., 2012) . NDP52 in turn recruits Nap, Sintbad, Tank-binding kinase 1 (TBK1), and LC3C to the damaged vesicle (Randow and Mü nz, 2012; von Muhlinen et al., 2012) . The autophagic receptors p62, optineurin, and NDP52 all interact with the ubiquitinated pathogen, recruit ATG8 proteins, and participate in the pathogen's engulfment and subsequent degradation. The activity of p62 and optineurin in this xenophagic process is regulated by TBK1, which increases the affinities of these proteins for ubiquitin and LC3, respectively (Pilli et al., 2012; Wild et al., 2011) . Because LC3C is essential for the recruitment of the other ATG8 proteins to this site, it is plausible that ubiquitination of the bacteria is a downstream event.
The finding that LC3C plays a specific role in the clearance of bacteria raises the possibility that despite their structural similarity, other ATG8 proteins also possess unique functions. Defining the exact role of ATG8 members of the same subfamily represents a major challenge, which is exacerbated by the possibility that the affinity of ATG8 proteins toward their cargo may change upon their lipidation, probably owing to conformational changes. The study by von indicates that subtle differences within ATG8 proteins permit specific interactions with adaptor proteins. It is therefore important to test the selectivity of adaptor proteins toward ATG8 proteins in their lipidated and unlipidated states.
At least three different adaptor proteins are needed for the xenophagy of S. Typhimurium, suggesting that they have unique functions in this process. Consistently, the pathogen's microdomains, to which NDP52 and optineurin localize, differ from the target microdomain of p62 (Wild et al., 2011) . The mechanism responsible for the differential localization of these autophagic receptors remains unknown. Differing affinities for ubiquitin chains might lead to these differences. The distribution of adaptor proteins may lead to distinct ''hot spots'' for autophagosome formation. These hot spots may be the cause for the unique multilamellar autophagosome that captures bacteria. Because autophagosomes appear to elongate even in the absence of LC3A and LC3B, the role of the LC3 subfamily in this process is probably redundant. It would be interesting, however, to examine whether autophagosomes obtained in the absence of LC3A and LC3B are still multilamellar. It is also important to examine whether the GABARAP and GATE16 subfamilies are essential players in this process.
ATG8s are fascinating proteins that have multiple functions in intracellular trafficking. The current study reveals that LC3C, the least well characterized of the ATG8 proteins, has a specific function in the innate immune system. The N-terminal a helices of ATG8 proteins are actively involved in cargo recruitment and in autophagosome biogenesis. The N-terminal a helix of LC3C is larger than those of other ATG8 proteins and contains three adjacent proline residues. The role of LC3C in bacteria clearance might be associated with this unique feature. Further studies are needed to determine the exact nature of LC3C function and to dissect the specific roles and interactors of the other ATG8 proteins in selective autophagy processes. Owing to membrane damage, glycans within the phagosome are exposed to the cytoplasm (B). Glycans bind galectin-8, which recruits NDP52, and the latter protein forms a complex with Nap, Sintbad, and TBK1. In addition, NDP52 selectively recruits LC3C to the damaged vacuole (C). Binding of LC3C with the NDP52 complex is essential for the recruitment of other ATG8 proteins to the ubiquitinated bacterium (D). The bacterium is engulfed in a multilamellar autophagosome (E) and is degraded in the lysosome upon membrane fusion between these organelles (F).
